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(71) THYSSEN NIEDER RHEIN AG this reflection is called the "top awipHng 

HUTTEN- UND WALZWESKE, a Com- echo" — and also at the defect and at the 

pany oigauised under the laws <£ the Federal bottom of the plate. Figure lb siums tfae to- 

Reputdic of Germany, of 42 Obediaiiaen, hectogram forms, vrith the transmitted pulse, 

5 Essener Strass^ 66 G^many, da hereby de- the top cxnipling ecfho^ die defect edio and 

dare die invetitiMi for whidi we pray ^ a the battcon echo. The time from &e pulse 

patent may be granted to uS) and die rnetbod being transmitted m> to the botom echo being 

by whidx it is to be peifimDed^ to be particu- nxdved corre^on^ to the total travd time 

lady described in and by lie Edlmring siate^ <rf die pulse Whai Aeie is a defect in the 

10 meat:— test piece tiie pulse is entirely or partfy re- 

This invendon relates to a mediod for fleeted at die surface of the defect In every 

measiuing and evalnatisg ulttasomc test case defect edioes have a shorter travd time 

|iulses of a selected indse repedticHi fisqaenc? than bottom eebo and diei^re diey lie 

m die ultrasonic te^mg of ^tes and similar ■msbin the travel time through die test piece. 

15 testpieces in aouHdance wmi die pulse-edio This latter time is designated here as 

njedind widi a pteality of SE (transmitter/ "zone d espected defects .The bqponinE of 

receiver) ttst probes, wbxa the defect echo this zone is indicated by the top 


and the bottom edio ate display^ witti the echo. Tne time between the transmission t. 

hdp of time "gates", taiag mto account the die pulse and the top coupling edio cones- 

prdiminaty path ttf the pulse through the ponds m die pulse travd time in the prdimi- 

probe and the time the pulse talscs to tmd nary path. The pulse travel t^ v r vr in the test 

duoi^ die test mece; me defect echoes are piece of a known thidmess d can be ezacdy 

standardised tm me botmm edioes and dieir celculsted from the formula 


dbytL „ 

into account die pulse travd tunes as dicta- 2d 

ted by the assodafied characteristic oaves fix Ui= 70 

die depdL GonsideraUe disadvantages apfij c 
to diose mediods of die Knd described vi^idi 

are already known fixmi practice. la order to with the faiown speed of sound d c=S923 

make these uodetstandable and to explsin m/s. For example die travd time of an ultra- 

the proUem on vbkh die invention is based, simic pulse in a 20 mm thldc plate amounts 

let OS first stalB the following: to 6,74 »s. The travd times in the path 

In tlie puIse-edio mediod using SE test through the ^nthetic material and in die 75 

probes (SE=sqiaratc transmitEer and re- vTater £ha are different from one SE probe 

cdverX sq>arate short nlttasooic pulses cf a to anodier, and also are oaistandy van^ 

sdected repeddcm frequency are u auMuiital cn account of the VTear which takes jdace in 

into the test piece and die reflections are operation. The prdiminary travd time of 

pidEcd up a separate recdver. By means n^ [nnbes lies ai^nndm^dy bti^ireea 15 80 

of Figatt 1 die most important rdatifms and and 20 , us. 

) de&nidims of this mediod are eiplaised. In la die evaluadcMi of an tdtrasomc pulse it 

Figure la is outlined the prind[^ of an SE is a requirement that as eicact details as pos- 

probe \riiea testing a plate. The pulse passes sMe ca die quality of the material through 

&5t fam the transmitter ihfou^ a ^ath of whidi die omsonic fidd passes should be 85 

symhfidc material and is introduced into die t^ftained, that is to say to discover vAedier 

' plate via a water film. Reflectbos of the pidse die mstedal is free from defects or is affected 

take place at die top soifece of liie plate — by diem. In order to arrive at this infeima- 
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10 to be «St^S ^^Lir al^nf ^ r'^l of two or more threshold values. The 


the given thickneM of S t«t^«r^„^^ comoination must be perfonned in a 

seco^Iy.the^SthedSg^'^. feS^^' ^ ^^^^^"^ 

in the travel tirae of the pulse miBt be aWe IT 

to be automaticany contrived from one oulse .u « '"'^^^g influencing factors of 
15 to the next, so as to take into account tiie ■ ^ " concluded by cany- 
individual lengths of die prdiminary laths If! °"'v** determination of the size of the 80 
of a number of probes and how they liave ^ "^"^ discriminators, 
bttn affeaed by wear. Therefore, with the ^The generation of ultrasonic pulses and 
solution of this proUem there is also coupled recepuon and display of the reflections 
Al,^J^i^i* 5.M speed of cMtrd. ^^ave Itmg been known technicaUy. The evalu- 
. T^rt ° '^P^y " «*o ^ ultrasonic pulses, i.e. seeking out 85 
ana ffie botttwi echo their amplitude levels information contained widi due account 
can be measured. These measurements must '^"B *aken of the aforesad influendne fac- 
M Jrt?''" "^ual test pulse, and of the first group, can be carried out by 
25 therefore at a hig^ speed. The absolute levd ^n observer with the help of indicatinE in- 

struments such as, for example, an^o 90 

« u"" in *e " ultrasonic testing instruments which 

Jdtrasomc field, as the echo level is essenti- compared to spcSalised osdUoscopes 

dly also dependent on two groups of In- of evaluation has the deeidTS: 

30 lluaacujg faaois. advantage that it is very time<onsuming atd 

ine orst group is connected with die °^ earned out only statically, so to MMak. 95 

gnenong, the spread and die reception of objective, automatic ultrasonic tes^ 

4e ultTKomc field. The level of the- defect known as "monitors" a«^«d 

echo IS depojdenr oa: these forming pan of the present state of Hk 

35 the scnsiovity of the SE probe, ?n. These monitors produce the time^ 

±c couphuit conditions, for the zone of expected defeas, and ^ 100 

and al» the distance of the defect from ^} bottom edio. This gate control ^ 

The ™rl!."^ . disadvantage that it can be adjusted for 

m ^ ^'^«« whidi prehnunary padi and the thickness of 

«i mate to Ae nanire of tfje defect, such as: ^he material only by hand or by means of a 

^ ^'^Z relatively slow-workmg control system. When 105 

±c reflection coefficient, several SE probes are being used, it is a dS- 

thc characteristics of the surface of the advantageous requirement that all the SE 

At 'S^ . . siniilar preliminaiy ptihs. 

the mchnation of the pfane of the defect /"onitois also have ore or more tK 

to tl» uteasonic beam. thresholds for discriminating the defeS Ilo 

From what has been said it follows that die echoes which are found. ^ 

?iri,^'£rieS">x''tot2 t^?^?oS'ifsjfA^°™"r-- ns 


60 


toto;;s.TS.y^S'epXa^ Sc^ni^-^^^p"'^*^!""^ 

^ rf S- ".^ ^ ''""^ ""^ninS the inte^ 
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of defect) aic 

J * J . ^ '^idi Hk dt&d: 

Lias mthfld of standaidismg the ddsct is atuated, nor any compensation of llie 

edio cm die bottom edio has, however dfc- defect edho aod die bottom edio in 

advsmt^: ihe regnlMicHi is its way aoaudanoe \rfiatever d«»di diarw^ 

na&ire rdativefy slu^siL In Older t» obtatB taistic aim is assodatedwifi die probe, 

an ajretage vatoe by toemtion, e^xaioice Loohed i^ as a vAoJe, dieirfMei dun; 

^^^r°^^^"*°^^f P^,'^"'*?^ is so far nctdieraieiiiod nor apparatus hwwi 

Sudden aliraatioiis m die cw^nt coiidflMDS Tridi ^duch the isqiniemeat laiHown at 

rannitf be ^ wifli by dils type of legid*- begiiiniiig conld be amdiBiraly aolTCd, n« 

tion. ilus tond (f regulabon always demands does a combinatam of tire sttaiate, faiown 

earapi^atiwi piCTions pulses rato die sue- parts of medinds satisfy die lequlteneat 

ceeding ones, and leflertioiB frran sqwrate Against diib, die problem on wlaA, ibe ia- 

P*?^ , , TOitirai is based is to develop a medud fia 

^w."* ampensating for die die antomatic measuring and processti« vf 


dqidi chmacteristic curves aatwnatic dm- liiasmic pulses, pardajlarly siito^&r use 
♦""'c medicds have been tnown, in triiidi ' ' * • 


^ am^ifeis are oontndled widi given ber (tf SE pnAes and decttnoic data pHjces- 

diatactrastics accoidmg to die puke travd sing equ^anent, in vAidi die aforesaid dis- 

zo tune. However, aiy demed complicated advantages and &iling$ of inown oaits of 

diaracDensac cuive functions, such, as are -"^-J" -izT^ " 


found w^ SEprohes, cannot be conmensated. Aoooiding to die 'present mvenlion, dieie 

BesidK Ais, account 15 not taken of die fatt is provided a nKdadter measmnw^evalu- 

25 Se^W^wSt^^*""*^ at«^.estpulsSdra«ted^ 

25 dffer fran time of bottom edioes, as die i^jetitioa faquency in die nktasonic tS 

edioes obey dififetent laws. ofplales aaddn^ test piecesWraa^ 

To sum up, ^ TO die Momi« disad- die piilsfr«dio medud wifli a duialfty of 

vantages anif faihngs kd« known wOiDdB SE V^^Jhe&ie ddined) tot pinbes. 

,A ^^'^^'f^^^^^P«iamv^ wheiitiiedeSect edioes and ^bottom S 

30 vioudy d«<^: ^.^ widiin time gates, taMng into 

The ctsaticai short tme gales, whidi accouiK lie ptetiminary rf^Tpdsc 

ate neasMiy for diqiJ^g die defect dirnmh die piobe and a coupling mete 

ai» and dK bottom edio, is, Miegads and fie line die pdse takes to S dmwrfi 

4fflr F^on and dmadon» only possible die test piece, die defect edio amdit^ 

7 befag standardised by die boUnmedwmnfr : 

A^*" J?n2S,.w ^'^T ^"i.'T tudre and ae dete edio and booonr^ 

^ same i«elmiinmy paflis fw all die an^iilitodes bdng neasuied and oxtKcted as 

SB probes used. It is not possible to take fiS^by Oenwdaied dianct^^^dia^ 

duert acwwnt of wear on die probM. amdimde compeosadon^epdi corves, hj 

r^^.^T'^^^^^ ^g mto account die travel times, whfiwi ] 

a wmer ^ SE probes beowne un- die pidiminaiy padis of all die SB pnbes 

ttTSJ"^^ 4 -I- ■ ^ ^ ^ ffidividaaUy and successivdy ascsttained 

Ihe mettwd of standaidismg crnio die bot- automaticalty in time widi die pulse rwed- 

tom edi^ die so-called "gain contK4", tioo fiequcnqr by conittmg out ite totd^ilse 


35 


IS too ^ggisL It does not take ijtto travel time fnjm transmisram of a pdaeto 110 
account dieiHjcwhKifeacbiany travel- reomtioii of a bottom edio widi a hkfr eoont- 
Img and wfiici should be used for die ingfreqwnty and etoctonically ote^ 
meaamemenj, but rdies on pnlsw wMdi diffooMial between die total i^ettavel 
arc serrated from tiiis m bodi time and time and die poise davd time sofcb dirouidi 
nlaa5.theT«.,lrh«„.tWft„A--rf^ the test piece iid Storing die mriimiiarypX 115 
in a rossomy as a number of oscfUatioiis: the 
by oonndog out at 


place:, die result being diat for die refer- 
ence vahie dieie is obtained an aveiaee 
value. 

Defects nbidi are situated close to the 
smhae, and also die kind d defect in 
n^iich only sli^ reflecticm tales plaoe^ 



are not indicated Triicn die gain conttd malically determined for eadi pulgeand beme ' 

B based on an undi^bed bottom edio. d^y stored in a correspoiSSg edio le^ 

ff die gam cjaitrd relies cm die bottom memoiy, die tcavd time cTiS maximnm 

echo bemg disturbed by die drfecii diea defect edio per pulse being estaldisfaed by 

ftrae MS die disadva^ diat in dK afflxanrfically counting out die counter fri 125 

first riace eadi indmdoal SB probe quoicy; die conections of die defect edioes 

mnst have Its own ^oontrdiimti and aoa»ding to die tiawi thne being canfcd out 

SKOMHydwtdicindpiMnrf die kinds by usiiigdietravtitiine as adinxtorforconr 

~^ s uncertaiq, snltii^atBUsstoiedinanelectnniicmeinsy, 

» of die duB taUe beiqg progtammed wOh a cones- 130 
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[c cam fnactiQii; and ibe standar- 
disi^e of tiic defect echoes by the associated 
botaan echoes being, by logarithmic measure- 
5 ineni rf the echo levels, reduced to a subtrac- 
tion, this being pufonned by simultaiieoasly 
counting out the edio level mananes and ob- 
tainitig die cotmt diffeiential, wfaicb is stored 
in a counter, the lelationsbip of the defect 
10 ecbo to the bottom cdio being disaiminaied 
by one or mote thresholds. 

By ibis, the rdatianshqi defect echo/bot- 
tom tdm, or respectively dieir Ic^arithmic 
d^fierentiai, caa easily be int^c^ in figuies 
15 and discriniinated by means cf digital com- 
parators. The intal tnwel time of the pulse, 
the poise tnnl time thrDug^ the prelinunary 
padi, the defect echo travd time and llie bot- 
tom echo travel time can be stoied in respect 
2Q tiw memories in a bhiary code. The sin^esc 
way of creating die time gates is to tale die 
stored preliminary paths of each SE probe 
and dso the thickness of ibe test piece as die 
values wfatch have to be cotmted out Gener- 
25 ally In die mediod of tbe invention, die ampli- 
tudes of the nuDdmum defca edioes and of 
die bottom echo will be di^tally and Ios^f 
ridimicBlIy stoied and indicated. The piSe 
travd dme from die test piece surface to a 
30 defea or to the bottom of die test piece too 
can be indicated in figures. Generally it is 
recommended dut in addition a cortectkm 
of the bottom echoes sihoidd be carried out 
fay using die duckness of die teu piece as die 
35 diteoor for consulting a table stated in a 
fuidier electronic memory, dds table being 
programmed witfa a corresponding dianacteds- 
tic curve f nnctioa* 
In oduf wotdsi, die iaveodon by die above 
40 features and fay furtber features makes pos- 
sible as a Tdfflle; 

the detecminii^ and stmii^ of die pie- 
limina^ padis of all the SB probes; 
the creation tt dme gates for displaying 
45 defect edioes and bottom edioes; 

the meascdiK of d» em^tudes of defea 

echoes and bottom edioes; 
die ascertaining of die travd times of 
die defect edioes; 
50 the conecdim of defea edices and bot- 
tom echoes in accordance nidi given 
depdi characteristic curves; 
die finding of the relationship of die 
defect echo to die bottom echo; 
55 the discriminatian of tbe rdationship of 
die defea echo to die bottom edro. 
The prelinrinaiy padis of all the probes arc 
individually, successively and automatically 
ascertained, in time with die pdse repetition 
60 frequency (up to about 20 KHz depaiding 
on the diicfcness range of the plates), by 
counting out die pulse travel time widi a hi^ 
frequency (about 30 MHz) and obtahiing dec^ 
tronically die differential between die total 
65 pulse travd time and die time tbe poise takes 


10 trai-d through die test piece aiKl are stored 
away in die blnarjr code as a number of cKdl- 
lations. After diat, the creation of die time 
ptes is done likewise by counting out the 
aforesaid high frequency, the stored ptelirai- 70 
naiy paths for eadi probe and also die test 
piece thickness bcii^ used as die values to 
be counted our. TIk determination of die 
amplitudes of the maximum defea edio and 
cf the bottom echo is automaticdly carried 75 
out practically simultaneously for each indi- 
^-idual pulse, the measuring being done digi- 
tiiHy and logarithmically, e.g. in dB, and die 
measurements bdng stored and indicated in 
figures. When dw pulse voltage rises dierc is 80 
idso given, per dB stage, a sigMl for determin- 
ing die travd time. Ascertaining the travd 
time cf the maximum defect echo per pulse 
is likewise done by oounting out the afore- 
said high fiequencv, the last of the signals 85 
)ust mentioned mating die end of dds tiavd 
time. 

The travd time is indicated in figures. The 
correctson of defect echoes according to die 
depdi of dieir position is carried out by 90 
means of the measured travd time by using 
die latter as the director for consulting a 
table stored in an electronic memory, diis 
oMe being able to be programmed widi any 
de^red chinrcteradc curve function. The cor- 95 
rectioii for the bottom echoes is carried our 
in a second table, correspcndinriy prograra- 
laed, and in this case the test pfece diidaiess 
is used as die director. The dividing of the 
detect echo level by the bottom echo levd 100 
is reduced to a subtraction because die ecio 
levels are uKasured logarithmically; this is 
done by simultaneously counting out die con- 
tents of the echo levd memodes, controlled 
in such a way diat die differential between 105 
die levels is iized ui a ooonter. The reference 
vshie of die rdationship is dierefore the bot- 
tom edio afiected by die defect. The relation- 
ship or drfect echo/bottom echo, or respeo- 
tivefy didr differential, in dB, is indicated in 110 
figures and diiecdy discriminated ty means 
of any desired number of digital compara- 

The result is first that all die disadvantages 
of die known mcdiods are obviated, and die 115 
problem on which the invention is based is 
sdi-ed. By rdating die defect edio to die 
defect-disturbed bottom echo for eadi indi- 
vidual testing pulse diere is also a particularly 
outstanding advantage, for even diose defects 120 
are indicated which produce only a sli^t 
echo but which cause die collapse of die bot- 
tom echo because of tiicir shadowing effect. 
The fact is diat when the reference value bc- 
eomes very small, die defect edio too can be 125 
cmiespcndingjy smaB. This indudcs defects 
wmch arc situated very dose to die surface, 
and nhich dierefore lie in die dead zone: and 
dso diose kinds of defect m which only 
slight reflections occur became of souod-ab- 130 
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srapdoo, but in Mfbick liie bottom edio is The ptc cmtniL 

OHUfdsisly absmbed. In dus Uodc are ocaled ibe necessuy time 

An advantage d the Aroa^-transmtwiinn gates fsa dJsj^layiiig the xwe of expeded de- 65 

mediod is obtained, widmit having to put fecis and ti» bottnm eduk It is &t»n du gate 

5 whh die disadvaittagies. The inveotinn tH&t ccDtnl dut die two groops of fbactkma Le. 

covets, in case it is desired at necessaty for tend time measmomt and edio levd 

other SE probes or test pieces, nsing the ua- meaaiuemeat are pmnr nHa^, 
distmbed bottnn echo as die referwcci 

The questicmaFwh^idatiDg tie defect The edio levd neasotemeat. 70 

10 echo to the disturbed bottom ec±» nsnks h In diis mii^ iMih is dirasdy ^nfrtfd to 

a usai^ idadonship, which nules possible die leoe^fiqg sule of die SE ptDlie^ die defect 

an unambigoous determitiation of the size edio lerds and bottom edw krds are 

d^ects, may be answered by means of Fignie measmed. 
2. Figure 2 sknrs the curve foi die d^- 

15 conccted edio levd latio cf the defect edio The idationdup fiMmatioo. 75 

to die disturbed botBmedio.Di&eKDtdepdi8 Heie tiie edio levd nlio betneen die max^ 

d defect veie sdectsd as de pamnetCES. The mns defect edio and die bottun edio of one 

thickness cf the tost piece was 24.6 nm The and -die same pdae is fanned. 
botEcan edio otaiectiiaa is standatdiscd on the 

20 boanm edio cf a plate of 18 mn^ because The tiavd thne measasemeol; 

the focus point of die probe lies in 18 mm Bkc is measmed the travel time of the 80 

d^yth. It can be seen fton Fjgnie 2 diat defect ptdse ftom die momeat the injected 

to a defect of 4 mm die standaidiaed cnms pdse enlen die top of the test pleoe until the 

do not deviate appiedaUy bom eadi odet. laigEst ddect pulse leadies its madmim. 
25 If tlierefonr a threshold is set — as is custo- 

maiy in practical testing — at tbont 3 to Hie dodi duncl 

4 mm plam driSed hd^ this has the same Sitimimitisd 

vdne for erecy defect posftioo. 'When die dm for tiie ddec , 

defects are larger the curves part from eadi asootained tntvd lim^ and also the conec- 

30 other, in parttoilar die carve for die mid tion for die boonm edho levd, based oo die 

position (12.3 mm) dions a great deviatioD gtvea plate drirJbwB. The tno oonectioo 

fasceuse in this c^ the second defea ^10^ vdiMS are passed on to de idatiaiisbm fiomn- 90 

instead of die bottom edio tates over tie tion unit dming the idatioDsfaqr nanatiao 

role of the reference valu& However, it is of cod before the end of the poise travd time. 
35 no inteiest hete beyond gi^ a gaeral in- 

diotion to imm. how die carves tun above The defect diacrimuMthw. 

die diteshdd valne. This stage oaoaistB of ai^ desiied number 

Th- ,-„™«{~, ™it i» A^^-u^ h, ^ adjiMtabie dueshnld valies in de fmrn of 95 

The mvcKiMi wiB now be d^bed m oonmaralors. The 'TTes-No" infot- 

_ greater delmi, by way of eiam^e, mill refer- ^ Q^TdSgitd am««to fa 

drawmgs. m « tD de oompuST; ^ 

_ , . . giwddiing equipflKnt contatiw a 30 

Figure 3 shows schemattcally de nmctiOQU MHz oscillator. From diis ftequency aie de- 100 

oonstniction of an ultrasonic poise measnrfa^ rived all die tisahtg frequenciies neoessaiy for 

and calculating instrument acoosding to tie ccotnlUng tie coimiets, mnnotifs and regis- 

45 invend(»i; ten (seebdow). By means cf a Tn nlrirji.q{ p r 

Figure 4 shows die prinople of tie g^ fu eadi individual SE pgtobe in suooesson 

contrd for die instrument lA Figure 3. not ody aie the pulses ideased bnt ^o de 105 

F%arB 5 is a sdematic ernilaTwrtiom of de preamplifier fix the idevant ncelver is 

detetminatiGn of die an^ditudes of tie defect switdied-in. In ■Hrfirin^j ^nih the same tint- 

50 edio and bottom edio and also of the stanr iog, de pidiminaty padi memocy is activated 

datdiaingi and giving oat the c«ieq«Hiding pidin^nary 

Figure 6 IS a sdemattc explanation of die padi time. HO 

deptii curve compensatiui. The problem dt the gate aaatrol first raises 

The m eas nrity and calculating instnimei)^ die question of the method of time measore- 

55 ic^esented m F^me 3 contains the jEplQov- mait. Time measuiement of any desiied 

ing fanctiboal miits: accuracy can be achieved by nsing a omes- 

poodingjly hi^&»p]£ncy. Indejsesentcasei 115 
of course^ a vety h^gji counticffi f ramency is 

The governing equipment: used, as can be seen from die extreme^ short 

Hiis is die pacemaker of de whcte instni- nuhetiavd times (6.74 » sec fw a test pte 

naent and essentially contains oon^anaits ducfaos of 20 mm). If de ddect gate set- 

60 vriiidi reduce a ghendmiiK frequency, vvhidi dngJsaquiredtohaveaKsolutioaof 0.1 mm 120 

here is 30 USOt, to tie dfieieat km coottol in a sted test piece;, de Ksnh s a mm.rt«g. 

frequeodes neoessaiy fiff de gate oootmL fnquency of alfoat 30 1^ — diat is tcH^ 


«^ «^ ^.^^i,"^,^ xu ^ ,o de oomputer. 


1,402,495 


one 30 MHz csaUation corresponds to the liminary path, is present in the counter. It is 

pulse travd time through 0.1 mm of steel, immediately takei up into the preliminary 

there and back. The principle of the gate path memory, which is made as a sluft rwis- 

contrrf IS ^own m F«gure 4. The start of ter. In the same way the preliminary 

operation is in^ated of the other SE probes are measured and 70 

by the tansmraer pulse. Fundamentally, as stored in the memory. With this, the mcasur- 

soon as the pulse dies away at the transmitter ing phase is concluded. Coirections of 4e 

themonitorjng display could be opened, and gate times to take into account the leading 

dosed again shortly before the bottom echo, edges of the bottom echoes and also «he toler- 

HBwever, m view of possible interference by ances on the test plate tiiickncsses ai* car- 75 

dearomagnetK pulses the display dme should lied out by means of the already known vdae 

be as shon as possible. Therefore, the gate fcr the thickness d the test plate. 
IS Dot opened untfl after the expiry of the In the testing phase the time Bates ate 

15 formed by a chain of coumerswhi.^^™ 
1. 1 • ^"''^'^^y <^^««nt counting tunes. 80 

mm time must be exactly known. But riiis Each coumcr counu out its pre-determined 

dep^s m eadi mdiwdoal case on ifae SE time, and after its "count down" starts uo 

probe and on the wear whidi has taken place, the next counter. First of all the "preliminarV 

lliereforc it is neceaaty regularly to deter- path counter, backwards" is set to the pre- 

^ vi^^""* ^ P""?""''^ pall I'^^ry parfi of the first SB probe and is 85 

^^J^^. f designated as t,. By then signed up by the govemii^ equipment, 

C^ Tifv^L'"^^ ™' ™ V'^ °^ '^^ ''"^ time as tte trai^t^^S 

taown ±jdTOSs this tune can be ascertained fks counter runs backwards. When it rwches 

by subtractmg the travel time through the zero, the prdimbary path has beea cSt 

e g- M«I P^te, which can be cal- down. A pulse is ^vcn out by the 90 

odated exacdy and is here shown as t,,, from by which the deCe^ gate is o^nS, di™ fc 

the measured total travel time f„,. There ate to at the end of Ac ptdin^atv oath — 

two djstma operational phases, namely die 1^1.^1 :s equivalent to the beguminf of the 
30 lX!?rtlftj"r'^°™ j" 4 » *e °f «P««««l defects. But tepilK £0 

JO left of the dashed hne _ m which the pit- simultaneously starts up the "plate thid^ 95 

Iiminajy path of each individual probe is nesses counter". Hus is at to the&^ of 

ascertamed by means of a test piece and the pla:e being exammed at that tirnTmffi 
n„ A,"'-!!^^^' f**'^'? — z«t> the defea gate is 

OQ the rgfat m Figure 4 - in which during dosed, and simultaneously a "deaf sao 

separately for each in- counter" is started up. The dead gap 100 

5f Jfc, "if^L"^ ^ 8«e is necessary for the contrd 

i^^^J P'** ^S-^^ o?eratioiB for the measSnt of 

b«ng ttammed. In the measuring phase the levels. After the "count down" of the dead 

w^^Sf?*!" to a test Dlate of a gap counter the bottom echo gate is st»^ 105 

known thickness, the gtven test thick- up, and the bottom echo gate is cramttd 
« "^v" T ^ gate counter" in 

tea as tne prdiminary path counter, for- a manner corresponding to the previous time 

45 (7 1 • """""^ ? ^ subtracted gate formations. For controlling die echo 

«» in the formula wntten on the diagram, that level measuring unit the time-gates for the 110 

« to say C-t..). In practice this is done in defea echo (FE) and the bottol lchrfm 

such a way that i;„ is set as the complement each indiridualhr, and a throuEh-aoine tim 

Z^l '^^^ "^P?^ gate from the start of the zonTS^e^ 


rouncer. II, lor example, the rnanmmnaHint- defects up to the end of the bottom 

50 mg capaaty is 10,000, dien in the case of a ate still needed. These gate con^ 

tretplate tfiicfcnras of, for example 20 mm, are shown in Figure 4 at the topl^t 

correspondmg to 200 osdUations of the gener- »de. i"p ngni 

t^'^^- ^ to The govern- In Figure 5 are iUustrated the various steps 

55 ^ S^r^ "f^^ transrainer pulse for measurbg the echo levels, the formatira 

55 and simultaneously starts up the "preliminary of the relationship between the defea echo 120 

^ - ^ "^"^ 3nd the bottom echo, and the def«rdfecS- 

torwaia direction. As 11 was pte-set negatively, nation. The poises picked ud bv the receiver 

It runs up to 10.000. Wh^ it reaches ifs are first amfced. the1ecdv« S 

m JI!^"^rJ?*™^F ^^'^l '^^.^^ therefore is the pulse diagram of a single ultrasonic 

3 tir^f«f^';r'f"'^l'"y-^" probing operation! with the tranLtler^! 125 

travel ame for die test pUte thickness. The the top coupling cdio, the defect echo and 

ftmher comitmg penod up to the bottom the bottcmlch^ beiiw indicated. TT^ ultnn 

i»^L°J!!rS!?'"^'i'^P"'™'°*^l»*- ««« OKillatinns are in this case not rectified. 

65 i^«'*«^««»>'««?PPed«becoun. Acnially, the tnmsmiiter pnbc^^^ 

M ter, ihe lane t„ correspondn^ to the pre- appear at the receiver, but hmost cues it is 130 
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jimg. From uses end flop backb a die poise passes on, 

s sequence of edioes the memoEffis and sbig: teffSea letain die 

emers the amplifier in die Rverse <»der bnm ptdse peals; eadi intwmff<ffjtf.. memoiy letaiDS 

vliat is shoTOn here, which has been daie to th m only during the zcme of expected de- 

5 take acaoimt <£ die custmna^ disjibgr on die f ects and die rime of die bottom echo gate 70 

osdlloacope. The amplified sgnab ant passed wspectirely, but die shift legisEeB still le- 

on to a chain of camparafMs. Hds duin of tain them aftra die exraiy cf the dme estes, 

cfflaparatoEs serves as a rapid d^ rolt- The edio fcvds arc now lead off in seiies 

meter. The measoiing unit omsists of 80 from die shift registers by means of two 

10 ceanparatMs wiash, libs trigger st^ % coontets with a geacrator frequency c( 15 75 

over flto a fixed pr&«t reference Tctam ASHfc The regissm are comued dasn% start- 

IS leadial In order to be able to reduce lbs ing widi the low ampHfinrtjo n valaes. Bodi 

subsequent calcoladi^ c^petssism, namdy the cooitteES are stopped b; die first memocr 

division ot die defect edio by dw booom whidi hdds a '^ra^ piece of iiiftiimsdott Tlie 

15 ediObtoasnbtiaciioniritidiissimpietDcaiiy count down of both memoiies taba nla rr 80 

out flrfi Ton icall y , die reference voltages are simultsaemisly. Theitfotej in the ddect edio 

bdlt up logaiidmiically by voltage diriden shift js^sta six empty twmnriq; ate oonottd 

in sudt a dtat diey eadi diSer torn dte =S dB, and in ibe bottom edio diift regis- 

oen oomparam- 1 dB. Thus die VDlhage tor fear eno^ memorIe$=4 dB. Tluss nmo- 

20 ^Bormm ts pecfomied widi an aocmai? bars aie manlh indicated in ^gmes. The 85 

of 1 dB, vAidib fuHy adequate for tdtnt- oomit down of the edio knis ia ^ as soon 

sonic purposes. The response speed of diese as die defect edio gan^ die dead gap gatt and 

comparatras is hidier by at least a factor of die bottom edw gate no bngo^^L diis 

OB fcadaig<dgfr.n8&<peed of a 4 being ranbolized m EtouicTby die mtal 

25 MHz pulse. As an eianqil^ a bottem edio gfSs pidse. Widi diis & operadm of edio 90 

pulse gdunrn in the drainng in die aanpaift- tevd sKsniemen]^ bodi for the defea edio 

tor diam. Thepeak of die fnlse, nhidi vas and die baflnm aSso, b oonduded. By means 

leceiral at 4 dB, has caused OL me compar»- of an adjostabb digbk oomparator, not shoim 

tor&fi»m5to80dBtoflipoTer(0dBcone»> in E^guis 5, a minimum hei^ for die bot- 

30 ponds to an imweatened signal). Snc^ after torn edio is modtured as a criteiion for any 95 

die passage of die ultrasonic puls^ die oom>- defect in die pxobb 
paratwrs flop bai^ die state of die coomara.- Li order tolorm the echo lerd ratio of dte 

tor diain during die passage of die puke is defect echo and die boncan edio, ie. in order 

retained by amplitude memories, whidi are to cany oat die staodaidiaadon, a furdier 

35 connected to die individual comparators. The comtteii hene caDed die "idatJonship counter", 100 

peak vdtage of die pulse is fixed in die is started fay means of a start/stop logic as 

memoiy. As shown in Figure S die memoiy soon as eidier die defect abo counter or die 


. — i by the gate control only dudqg bottom edio counter has flnittH coundng 

die tanpidiete die defect edu and deboe- die edio Imi. The reiatioiBfaip counter dioi 

40 torn aha ate to be eniected. This memory coonis out IS AIHz occiUatimis nndl die odier 105 

fn die snqilitDdes of t£e defect eduy^Jottom edio IcrI oomner has likewise stopped. It 

edio repRsems as It were m intetmediine has diere&ie couated out die nunSba of 

JMmoty for die defea edioes and bottam onfllatloffiii i*. 1 dB steps, vdiidi lie be- 

edioes vdudi arrive cnie Ottx die odier. It is tween die defea edio md die bottom e^-^ 
45 always discharged vAen tihfflB is no ti 


present, and dierefbie in dte dead gap t«H die edw levds in dB. The madiemadcd sign 

tnreen die defea edio gate and die bottoia for ths rdadon^ is quite Bumdy given by 

ec^o gate. The d^ edioes and bottom d^srmining vdiedier die defea edio counts 

edioes are scparatEqr stored in die onixs- m the botton edw connter has stoppai fim. 

50 ponding 80 WtMt rasters sahownaJongfflde, The rdadonshh* in. dB is indicated in figures, 115 

BadiTahieindiememaEyistransfeiiedsfaimlr tDgedier -nidi die madKmadcal sign. If the 

taneousfy in a paiaM manner. The transfer sign is negative die d^t aim is smaller 

IS cnntioDed by die gate amtid unit (r^re- dian die bottian edin. The lekdonship 

sented syadWfcdh' m Kgnre 5 die pdse counter is ia&«t as shown in Figure 5, widi 

55 sequence EE gale/RB gate), by means of die a oonecdon vatae from die dqidi curve com- 120 

defect edio gjttem die case of dw defea shift peasadoa. In diis case^ dierefoie, die rda- 

regBWr and by SMaw of die bottcm edio tiimsh^ vabe is not 6-4=2, but 7, because 

gate m die case of die boomnednshat regis- in die aaomlB here it has been assumed diat 

ter. At die end of die pulse traml dieie is, die corxecdoo value is S. 

CO In die defea shift le^, die pdbe Befim die cottecdon for die ccKnpensation 125 

vAidi has passed throu^ die zone of expec- can be ascertaiiied, the pidse travd ttme must 

ted defect^ and hi die botnm edio teg^ be measured. Hie travel time measuring unit 

die heiijht d die bottom echo puEsci bodi s so ooncefved diat die .iptwnifn ari^. ^ ^ 

behig d^gital^ esipresEed in dB. Thoefor^ time tates place at die point of die ma^nmm 

65 ^iMst die onqiaiatais flip omr as die pnbe defea edio kmL hi order to make dds pos- 130 


L*" ^^^^ <^ or by computer, and when the thieshold 

I ™° ^.'51'""°°' ^''^"^ ^ comparator stage it 

fl^ L?l ^LT*^,"^ "^"^y 5^'°^' recognised for a defea. The^digital tt^ in- 

5 ^^1^' '^J^'^' ^ .'^ formation so obtained is passed on to a com- 

memory. As puter and may be displayed. 

rf. Z^!^ f"" ^^^S' ^ ^= «^Pl^ the method as a wfade is 

S^f^® °^ ..""^""y ^ ^'"'^^ the testing of plates; tiansfening 

10 S^srJ? J «r!^P^^'^."^"J" ^''^'"S the correspondkg parameters. Al- 

SntTthi^ ^fSf f^J^ "^""Sh the instrument dcslilied for carrying 

1 ^'^^^^ °l ^. ^^'^ Pvra the invention is ion- 

™. A ' >^^y given the ceived for computer^ontrolled instalktioi 

^LiT^ prc-reqinsiic for dmrmining it can also be usk in conjunction with simpk 

15 fs ^«Tshlfr'S^if$^"^ "^''"^^ ^"'P'"-^ - — '^^^ 

to an accqtunce memoiy which accepts, to- WHAT WE CLAIM IS- — 

fn. l.?*f momently oHint- 1. A method for measuring and evaluating 

Sd^farf^'S*""/'^''^^/ ^^^'^"''^y ^ ''^^•^ ultrasonic^testingof 

flie defea displiqr. Both die counter and die plates and sinular test pieces bv means of 

■cceptamx memory are only activated for the the niilse-eclift mr.rt,nJ ™V« , an 


-t .1."^ 5" activated for the the pulse-echo method with a pIuraKty of 

& t:^ S!^'^ """^^ hereinbefore defined) test pi«bes; where 

^tSu ^l^^T^ ^ ^^"^ bottom 4oes 

25 SJf^^^^f^"^ '''^'^y PJ^d tinie gates, taking into account 

'!^'' ^ 1^ pieliminaiy pathV the pu& through tibe 

nusK the memory JO flip over, i* even dur- probe and a coupling medium andthftim^ 

SSi'^^^S^' P^' Kl'" amplitudes W s^- 

« w tS«.^«««d"« Thaefore. the dardised by die bo.tom edto ampIitucfisTd 

S nl,f «■ '"'"^•i^"' "^"^ °' defect 'echo and bottom echo mSiS 

wunnng tune whidi conesponds to the travel being measured and correaed as dicti^by 

tu« of the pulse peak. the associated characteristic and 


■ wJ™ .fc/ . ™= assoaated characreristic and echo-amisli- 

From the accqjtance metnoiy the rime tude compensation-dcpii curves, bv tafeiP 

vdjtt is passed, on as a binwy director t» the into accoSnt the uavd tiX^'whSeiT&f 

f J^^S^*^ Pfdiminaiy paths of all the SE'proKeS- 

cutves. In this memory, dements vtudi con- divkluaUv and sii«««vMv "..IT • 


i5f°^7' ^"«nts.'*fAcon- divklually and successively ascertained aut^^ 
^T^^"^^^^ oqinred charac- maticaUy in time with tie pulse repetition 


40 dttliS^S^ ^ ^^^^ time from transmission of a pul^ to 

SS?^ fir ^ "option of a bottom echo with a high count- 

l^*" ^ ing frequency and electronically obtdning the 105 

ffiB^tfS.,l^«S!*^ differential between the total pulse u3me 

SloJrt,^^^*"^^" the def« and the pulse travel time solely through the 

« .^t^ST? 0* *e ttst P««» a« <lif- test piece and storing the preBminaty paths 

fo^4e^SZ?'™':^3 JnamemoryasanuSibero^osdllations-thc 

ThSif^?^" S=t<=* '^^"g created by counting out at 110 

thcptaielhidniesscoiiiir^ from the OMBOuter mum amplitudes of the manmnm 

50 iCtr^.^'^'f.^^'^ echoes WAeSt^STe^^g'aS 

"'^"l«"'*8 8»«M.in«a& iMticaUy determined for each pulse and bd£ 

fJ^* T "S™^ "t!^ ^ ^ coriespoi^ng eXH 115 

^nJS^.^J^*'^"," ^ "i^' """"^y^ Ae travel time o/^nLimSmS 

S2 S^^tb^^ ^ f^'^ fea echo per pulse being estabSbJ auto^ 

a ^i^^^JTk^f^^^*^"!:!"'?' inaticaaycouitingoutatthecount.Vfc^ 

"P»7 of ii»e qaency; the correction of the defect 

«^!^'*^^l'^'**T^'?/''^**bat- out by using die travel lime as r^ctorfor 
l^^.i.'^liUt.'^S?-",?"."^ ' '^"e stored in L^Sc 

1 vd neasurfflg umt Wi4 this, tiie depdt memory, this table being programmed witt a 

S^SI^ fofStlS°*.^ 5«r«J»nding edio-am/Hmde^^iSn! 

T^e XiL^l-!^ , dmacteristic cuPrc functionfand the 125 

in ^^ZTSl J^AtTT^ standardisiiig of the ddect echoed by Se 

H,i^ ^^.^ of djgtal coo- aisodaied bottom edioes bong, by 

65 pared with threshold vahes set ±^ by to a subtraction, this bdng perforarf 1? 


9 


. iog out llie edio Ind aie strait 
mrmonffi and obtBuiiiig tbe count diSotnlial, mically. 

lAidi is stoned in a ooaflta^ die relatianshq* 6. A rnetbod as daimed in ai^ p 


of die dtfect ed» tD die bofium echo being Claim, wherein die pdse travei ti™. „™ 

5 discdminalEd \>s cue oc mcue duesludds. tlie te^ mece smf ace lo a defect or to die 

2. A mdhod as daimed in Claiin 1, -tUssskt bottran cf tl» test piecx is also mHir^ m 
in die ididbmliip of defect edio an^ditude figures. 

dirided by bottom oho mnplimrir, or res- 7. A mediod as daimed in any preceding 

S?*^? logandmric diffetendal, is in- CSaim, vAatein a conecdon for the bottMa 35 

10 dicaled m figmxs and diacdmioded bf means echoes is earned out by using die diidcness 

(rf digital OMnparalDis. (rf tiie test piece as die director for coiisuldag 

3. A mcdiod as daimed in Claim 1 or ^ contafaied in a fimber dectrooic 
Claim 2, therein die total trxrd time cf die ^ taUe bdng iHogrammed vidi 
iKils^ die pdse tnvd time duou^ die pie- ^ ccxnesponding echo an^litude c(BiipeDsa- 40 

15 limiiiaiy pg^ de defect edio tiavd tJme and ^"inlqffli cfaaiactetistic curve fonctioD. 
the boaom edio tiavd time are stned in tes- ^- ^ medicid measmai^ and evahadng 

pecdve memodea k a Uaary code; alu»sonic test poises of a selected pulse lepe- 

.... , , J . '^'^ foequency in die n&nsooic testily of 

4. A mediod u daimed m »y pcediog plates and sindar tett pieces siibH»alta]& as 45 
Uani^ nfaeieti*, vbn aeadne die time gates heieinb^te desctibed widi nfeteoce to 

20 die pidiminaty Mdu cf eadip^^ Kgores 3 to 6 of die accraqwiging diawinBS. 


1 a memoty, and also die dudmess of the 

test pieoe are used as the values nAidi aw HULSE & 00. 

to be counted oat Charterai Paident AgeniL 

5. A mediod as daimed in any preceding Cavendish BuildingB, 

25 Clabi^ \riisrein the anylitndts of die mao- West Street, " 

mum defect edio and al so of die bo ttwn edu> Sheffield SI ^32. 


1402W5 COMPLETE SPECIFICATION 
B SHEETS ™* Growing ts o refiroduetton of 
the Original en a reduced scale 

Sheet 1 


TESTING SET-UP 

acovstic fxtriation 


prelimihojy path throu^ 



ft§. la 


REFLECTQiSRAM 


defect 


bottwn 


FE-de-fect echo 
wi'sp'oy 


^ fig. fb 


imW COMPLETE SPECIFICATION 
a eucm T*'* ^riwlag is 0 npraduction of 
0 SHEbTS 0,6 OrljJnoJ on a reduced scofe 
ShBStZ 



1402*96 COMPLETE SPECIFICATION 

6 SHEETS 'i'* " «P"<'"ct/ofl of 

the Original on a reduced scale 



14C2^ COMPLETE SPECIFICATION 

6 SHEETS «'™*'"'« " feproductlM of 
the Original on a reduced scat* 



COMPLETE SPECIHCATION 
fi currrt <''"<»*'nj " reftreduetion of 
u anccia (ftg OrijInoJ An a reduced seak 

Sh88i 5 



140Z495 COMPLETE SPECIFICATION 



